Spatial and temporal biodiversity patterns of free-living marine nematodes were studied in Cienfuegos Bay, a tropical semi-enclosed basin in the Caribbean Sea. Taxonomic (to species level) and functional (biological trait) approaches were applied for describing the assemblage structure and relating it to abiotic environment based on a sampling scheme in six subtidal stations and three months. Biological trait approach added relevant information to species pattern regarding relationships between diversity patterns and the abiotic environment. The most common morphotypes were deposit feeding nematodes, with colonising abilities of 2-3 (in a scale from 1 to 5), tail conical cylindrical or filiforme and body slender; and their abundance were correlated with depth, organic matter and silt/clay fraction. In spite of a high turnover of species, functional diversity of assemblages did not change notably in space and time. A result probably due to sampling of the habitat pool of species and to low heterogeneity of the studied muddy bottoms. Chemical pollution (organic enrichment and heavy metals) and hydrodynamic regime possibly drove the biodiversity patterns. Spatial distribution of assemblages support the existence of two well differentiated basins inside the bay, the northern basin more polluted than the southern one. The low hydrodynamic regime would determine a poor dispersion of nematodes resulting in high spatial variance in the assemblage structure; and also the associated hypoxic conditions and pollutants in sediments can explain the dominance of tolerant nematode species such as Daptonema oxycerca, Sabatieria pulchra, Terschellingia gourbaultae, and Terschellingia longicaudata. A comparison of spatialtemporal patterns of biodiversity between Cienfuegos Bay and other semi-enclosed bays in temperate regions suggests several similarities: nematode assemblages are strongly influenced by anthropogenic disturbance, temporal trends are weak or overridden by spatial ones, and few cosmopolitan genera/ species tolerant to pollution and hypoxic conditions are dominant.
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Introduction
The description of distribution patterns is still one of the fundamental starting blocks in the ecology of biological communities (Underwood et al., 2000) . Current research is largely based on description of assemblages using a taxonomic approach (i.e. species or higher taxa). Analyses of biological traits of species and subsequent creation of functional groups have been introduced in studies focusing on assemblage structure. This relatively new approach allows to obtain insight into the functioning of ecosystems (Norling et al., 2007) and reveals additional relationships in assemblages (Schratzberger et al., 2007) . Coupling of taxonomic and functional diversity can be a powerful tool in ecological research, although the relationships between them and with ecosystem functioning is still in an explorative field (Hooper et al., 2005) . Schratzberger et al. (2007) in a comprehensive study on functional diversity and nematode assemblage structure revealed effects of individual species rather than of functional groups. They detected a positive relationship between number of species and functional diversity. An additional interesting point addressed in our study is if this relationship is also present at smaller spatial scales (i.e. few kilometres within a bay) and in tropical ecosystems. Further, the relationships between taxonomic and biological trait approaches and environment deserve further exploration using new data.
Very few information on structural aspects of biodiversity has been published for tropical areas regarding free-living nematode assemblages (e.g. Boucher and Gourbault, 1990; Boucher and Lambshead, 1994; Gobin and Warwick, 2006) . In addition, the nematode assemblages in semi-enclosed bays have been studied only in temperate regions (e.g. Lampadariou et al., 1997; Liu et al., 2008; Moreno et al., 2008) .
Semi-enclosed bays are characterized by relatively shallow waters, low hydrodynamics, and fine and organically enriched sediments; in addition, these habitats are very often affected by anthropogenic disturbances due to urban settlements, harbourage activities and industrial development. The link between anthropogenic and natural processes implies that both should be addressed in surveys of biodiversity patterns in these ecosystems. In the context of relationship pollution-biodiversity, free-living nematodes have been identified as valuable bio-indicators to monitor the anthropogenic impact on biodiversity in coastal ecosystems (Moreno et al., 2008; Vanaverbeke and Vincx, 2008) .
Studies in Cienfuegos Bay have been carried out about hydrology (Seisdedo and Muñ oz, 2004; Seisdedo, 2006) , sediments (Alonso-Hernandez et al., 2006) , circulation (Muñ oz et al., 2008) , and benthic communities Pé rez-García et al., 2009 ). They suggest a relatively complex coastal system with high spatial and temporal variance in natural processes and clearly influenced by human activities.
In the present study, we describe the spatial and temporal biodiversity patterns of free-living marine nematode assemblages. The investigation was carried out based on samples from a semienclosed tropical bay (i.e. Cienfuegos Bay, Caribbean Sea) and by using both the taxonomic and biological trait approach. Based on the design of a quantitative study of nematode assemblages in six selected stations inside the bay we intend to answer the following three questions:
(1) Does the biological trait approach provide new interpretable information in comparison to a ''classical'' taxonomic approach? (2) Which natural and/or anthropogenic processes determine the biodiversity patterns of free-living nematodes within the Bay? (3) How different are the biodiversity patterns in a tropical semienclosed bay in comparison with those in similar ecosystems in temperate regions?
Materials and methods

Study site
Cienfuegos Bay is a semi-closed bay in the Caribbean Sea (22 1 0 N, 80 2 0 W) with 90 km 2 of area and mean depth of 14 m; it is divided by a submerged ridge of 1.5 m depth in northern and southern basins (Fig. 1) . Most of the subtidal area of the bay is characterized by muddy bottoms with high content of organic matter; although there are other habitats (e.g. seagrass beds, sand flats, mangroves) covering a more limited extension. An extensive previous study on meiofaunal assemblages (to main taxa) in 16 subtidal stations from this bay can be found in Díaz-Asencio et al.
.
The circulation in Cienfuegos Bay is driven mainly by tidal currents and to minor extend by winds (Muñ oz et al., 2008) . There is a seasonal change in water column with salinity stratification and hypoxic conditions in bottom waters of deepest areas (>10 m depth) in wet season (May-October). In dry season (NovemberApril) the water column remains mostly mixed and bottom water is oxygenated (Seisdedo and Muñ oz, 2004) . Further, the rate of sedimentation is seasonally variable, but relatively high (0.47-0.50 g cm À2 y
À1
) after Alonso-Hernandez et al., 2006) . The anthropogenic sources of pollution are mostly located in the northern basin (e.g. power plant, refinery of petroleum, Cienfuegos city) with two rivers as main point sources of freshwater and sediments. The southern basin does not have any main source of pollutants along the coast but it also has two main rivers discarding into it (Fig. 1) . Eutrophication exists derived from diffuse sewage discharges close to the city, other human settlements and agricultural activities located around the basin (Seisdedo, 2006) . A rise of economic activity in the bay, mostly related to refinery of petroleum and derived industries, increases the potential disturbance on the ecosystem by dredging for enhancing of navigation, chemical effluents and accidental spills.
Sampling strategy
Samples were taken in six subtidal stations characterized by fine and organically enriched sediments, four of them close to pollution sources: Cienfuegos City (12 and 12a), oil refinery (7a), and power plant (10) and other two stations relative far from pollution sources i.e. in the northern basin (5) and southern (15). The six stations were located in shallow waters (mean value 9.3 m, range: 3.3-14.3 m); the use of GPS device and the small variations in depth in each of the stations among the three months suggest a reasonable accuracy in the sampling of the same site (Appendix 1). The spatial scale of sampling (i.e. among stations) was in the order of tens kilometres (shortest distance between two stations: 6 km; largest: 23 km). Three sampling trips were carried out in February, May, and September 2006 (6 stations Â 3 months ¼ 18 sampling events). Four cores of sediment for meiofauna (2.6 cm inner diameter, surface 5.3 cm 2 and 6 cm deep into the sediment) were carefully taken in each sampling event by SCUBA divers; the four cores were taken at random in proximately a plot of 4 m Â 4 m. The cores were immediately fixed in buffered 10% formalin. From the four cores taken in February, two were immediately divided in four vertical strata (0-1, 1-2, 2-4, and 4-6 cm) in order to investigate the vertical distribution of meiofauna inside the sediment. In station 12, the strata 2-4 and 4-6 cm could not be sampled due to the sediment below 2 cm was relatively coarse (gravel) therefore coring was not so effective and we decided did not include these strata. For the February samples, data belonging to strata from a same core were summed for obtaining the structure assemblage of the whole column of sediment. Two cores (3.0 cm i.d. PVC pipes) were taken for determination of abiotic factors in each sampling event. One core was used for determination of salinity in the interstitial water using a portable refractometer Atago (1 unit accuracy); salinity is presented in the text as practical salinity units (PSU); the interstitial water was separated from the sediment by centrifugation. The other core was immediately frozen for determination of the content of silt þ clay, and concentrations of readily oxidizable organic matter and heavy metals (Cd, Co, Cr, Cu, Ni, Pb, V, Zn) . Temperature within sediment (1 cm depth) and depth was determined in situ using a mercury thermometer (0.1 C accuracy) and a diving barometer (0.1 m accuracy) respectively.
Sample processing
Samples for meiofauna were sieved by 500 and 45 mm mesh size; material retained on the smallest mesh size was collected. Sorting of meiofauna from sediment was done by flotation technique in high density solution (commercial sugar crystals dissolved in filtered water, 1.17 g cm À3 ); the efficiency of sorting using this method is around 95% (Armenteros et al., 2008) . Sorted meiofauna was stained with alcoholic eosin 1% and preserved in buffered formalin 4%. Meiofauna was observed under stereomicroscope (maximum magnification 36Â); the animals were identified to high taxonomic level (e.g. nematodes, copepods) and counted. The first 100 nematodes (if present) were picked out, mounted in microscope slides (Vincx, 1996) and identified to putative species using a microscope (maximum magnification 1000Â). The pictorial keys of Warwick (1983, 1988) , Warwick et al. (1998) and the NeMys Database (Deprez et al., 2007) were used for the identification of species. The content of silt þ clay was determined by ''silt content-dry sediment'' method after Bale and Kenny (2005) . By this method the silt þ clay fraction was separated on a 63 mm sieve and the retained sediment was weighted for determination of the loss of sediment. The amount of readily oxidizable organic matter in the sediment was determined by the modified Walkley-Black wet titration method (Loring and Rantala, 1992) using oxidation with K 2 Cr 2 0 7 and H 2 SO 4 . The concentration of heavy metals was determined, after acid total digestion (nitric and sulphuric acids during 48 h), by flame atomic absorption using an Avanta 3000 (GBC) Atomic Absorption Spectrophotometer with air/acetylene flame and autosampler. All used reagents were pure for analysis.
Biological traits of the nematode assemblages
Each nematode species was classified into four different biological traits based on its morphological and functional features:
(1) Feeding types based on morphology of buccal cavity. Wieser (1953) classified the free-living nematodes into four feeding types: selective deposit feeder (1A), non-selective deposit feeder (1B), epigrowth feeder (2A) and omnivore/predator (2B). In addition, ratio of percentage of 1B and 2A types (i.e. 1B/ 2A) was calculated since it can be an indicator of contamination (Lambshead, 1986) . (2) Life strategy. Bongers (1990) and Bongers et al. (1991) proposed a scale (c-p score) to classifying the genera of nematodes upon their ability for colonising or persisting in a certain habitat. The scale range is defined from extreme colonisers (c-p score ¼ 1) to extreme persisters (c-p score ¼ 5). Also, a maturity index (MI) can be calculated for each habitat/station based on c-p scores of inhabiting species using the formulae (Bongers et al., 1991) :
where S ¼ number of species, v ¼ the c-p value of taxon i and f ¼ the frequency of that taxon.
(3) Tail shape. Thistle et al. (1995) proposed a classification (may be linked to locomotion mode) of deep-sea nematodes on basis of tail shape into four types: rounded (1), clavate-conicocylindrical (2), conical (3), and long (4). (4) Body shape. We used the operative classification by Schratzberger et al. (2007) who recognized three body shape categories: stout (length-width ratio < 18), slender (length-width ratio 18-72), and long/thin (length-width ratio > 72).
Data analysis
Multi-and univariate techniques were used for data analysis using the software PRIMER 6.0.2 (Clarke and Gorley, 2006) and STATISTICA 6.0 from StatSoft. Statistical differences among stations and months were tested by two-way analysis of variance (ANOVA) for the quantitative information of the nematode assemblages: density, number of nematode species, maturity index and proportion of epigrowth feeding type. The latter was chosen as it is probably the feeding type with less overlapping with the other ones. For the analysis of vertical distribution a randomized block design was applied, defining stations as blocks and vertical strata as main factor. Data were checked for fulfilment of parametric assumptions using diagnostic graphics (mean vs variance, residuals vs mean); when needed, data were transformed and re-checked to ensure that transformation improved the distribution. If results of ANOVA with transformed data coincide with untransformed ones, the latter were presented in graphs for easier interpretation. The magnitude of effects for each factor was calculated after Underwood (1997) in order to compare the relative importance of each factor in determining significant differences. When the results of ANOVA were significant, a post-hoc multiple comparison of means (Student-Newman-Keuls, SNK) was carried out. If there were low number of replicates (i.e. analysis of vertical distribution) post-hoc comparisons were not performed to avoid the possible low statistical power of the tests. Relationships between measurements of assemblages and abiotic factors were tested by the Pearson's product-moment correlation with untransformed data.
Statistical differences in multivariate structure of assemblages among samples were tested by analysis of similarity (ANOSIM) using a similarity matrix based on fourth-root transformed density of nematode species. An ordination plot of samples using non-metric multidimensional scaling was performed on the same matrix. Principal component analysis was carried out for the ordination of samples and variables on basis of abiotic factors; the latter were normalized due to different units of measurement. Relationships between multivariate structure of community and subsets of abiotic factors were determined by BIOENV procedure, using Spearman's correlation between similarity matrices.
Results
Abiotic environment
A table with all abiotic factors measured in the study is shown in Appendix 1. The stability of temperature and salinity across stations in the same month suggest a good mixing of water within the Bay. Temperature showed a clear temporal change, with the interstitial water in February (dry season) colder than in May and September (wet season). Salinity was stable also across stations, with lowest salinity in February compared with May and September. The content of silt þ clay and organic matter was high for all stations, the variation was relatively small (CV ¼ 18 and 23% respectively), and correlation between both variables was low (r ¼ 0.29, p > 0.05, n ¼ 18). Presence of hydrogen sulphide was apparent in sediments of the deepest stations (5, 7a, and 15) as indicated by the strong characteristic smell of gas and by the dark colour of the sediment; the upper oxygenated layer of sediment was only a few millimetres thick based upon visual assessment of the darkness of sediment below.
The levels of cadmium and lead in sediments were below the limits of detection (2.1 and 27.8 mg kg À1 DW respectively). The concentration of heavy metals in the sediments was different among stations, with relatively small temporal changes in the same station. Nevertheless, these spatial trends were not the same for all metals ( Fig. 2) : nickel, vanadium and zinc showed a similar trend, with highest values in station 10 (close to thermoelectric plant power), and lowest values in station 12a. Chromium showed a different trend, with highest values in stations 5 and 7a; and cobalt and copper showed the highest values in station 15.
Density and number of species
Seven meiofauna taxa were collected in the three sampling events: Nematoda, Copepoda, Polychaeta, Decapoda, Sipuncula, Ostracoda, and Kynorhyncha. The Nematoda counted for 98% of total density of meiofauna, therefore the main effort was devoted to their ecological patterns. Copepods ranked second in abundance, with low abundance in station 12 (mean AE SD of three months: 22 AE 21 ind. 10 cm
À2
; range: 2-55 ind. 10 cm À2 ) and practical absence in other stations. The density of nematodes was significantly different among months, stations and in the interaction after two-way ANOVA (Table 1) ; ANOVA results on untransformed data of density showed the same trends. The magnitude of effect was the highest for factor station (spatial scale) and in second place for the interaction. The interpretation of latter suggests that density varied widely across stations and months and no clear trends exist (Fig. 3) ; given the high variance in values of density no any post-hoc comparison was done. The mean AE SD values (range) of density of nematodes over all samples were 765 AE 772 (21-4596) individuals 10 cm À2 .
The number of nematode species was significantly different among stations; however, the factors month and interaction station Â month were not significant and they had a considerably lesser effect on number of species (Table 1) . Consistently, station 12 had the highest number of species in the three months (Fig. 3) (SNK, p < 0.05); the post-hoc multiple comparisons could not detect differences among the other five stations (SNK, p > 0.05). The mean AE SD (range) value of number of species over all samples was 12 AE 5 (4-26) species 10 cm À2 .
Taxonomic composition of nematode assemblages
A list of all recorded nematode species and their mean density in each combination station-month is presented in Appendix 2. A total of 78 nematode species belonging to 18 families were identified. There was a strong dominance with sixty species contributing individually to less than 1% to total density (all samples combined). Ten species (belonging to five families) accounted for 80% of nematode total density: Terschellingia longicaudata (21%), Sabatieria pulchra (14%), Terschellingia communis (9%), Macrodontium gaspari (8%), Terschellingia gourbaultae (7%), Cienfuegia cachoi (5%), Sabatieria breviseta (5%), Pseudoterschellingia ibarrae (4%), Spirinia parasitifera (3%), and Metachromadora pulvinata (3%).
The most spatially widespread nematode species was Terschellingia longicaudata, followed by Terschellingia gourbaultae, Sabatieria breviseta, and Sabatieria pulchra (Appendix 2). Several and Spirinia parasitifera (12a on February). A two-way analysis of similarity (ANOSIM) on fourth root transformed data of density showed clear global differences in structure of assemblages among stations (R ¼ 0.84; p < 0.001; 999 permutations) and among months (R ¼ 0.71; p < 0.001; 999 perm.). The pair-wise comparisons showed differences (p < 0.001) between each pair of stations, and between each pair of months as well. The ordination of samples by multidimensional scaling (MDS) technique showed clear differences among stations, but not so clear among months (Fig. 4) . Most of the samples (i.e. cores) belonging to a same station and/or month were clustered together; particularly the stations 12 and 15 have a very distinctive assemblage structure; the latter station is characterized also by higher variability.
Biological traits
We analyzed each trait individually and the combination of them as well. There was negative and significant correlation among percentage of the three dominant feeding types: selective deposit feeders (1A), non-selective deposit feeders (1B) and epigrowth feeders (2A). Therefore, we tested differences among stations and months just for percentage of type 2A. The results of two-way ANOVA on rank-transformed data showed significant differences in percentage of feeding type 2A for the factors station, month and the interaction; again the magnitude of effect was bigger for factor station, and in second place for the interaction (Table 1 ). An ANOVA performed on untransformed data showed also significant differences for the factors station, month and interaction station Â month.
The feeding type composition was characterized by dominance of selective deposit feeders (37 AE 3%) and epigrowth feeders (37 AE 1%) over all samples; non-selective deposit feeders and predator/omnivore types account for 15 and 11% respectively. The stations 12 and 15 were characterized by a relatively stable feeding type composition across the three sampling events, with a rather balanced representation of the four feeding types (Fig. 5) . Station 5 showed dominance of selective deposit feeding nematodes across the three sampling events, whereas station 7a was dominated by non-selective deposit feeders; in the station 10 both named types (1A and 1B) were equally abundant (Fig. 5) . Station 12a showed a strong temporal change in trophic structure, with notable decrease of epigrowth feeding nematodes in May. The 1B/2A ratio for each combination of station and month did not show clear spatial or temporal trends, to exception of the highest values in station 7a in all sampled months (Appendix 2).
The maturity index was calculated for each combination of station-month; and it showed significant differences among stations and in the interaction with higher magnitude of effect for factor station (Table 1) . Station 5 showed consistently a higher value of the index (month-averaged MI ¼ 2.75) in comparison with other stations (range 2.25-2.53); the stations 7a and 15 showed the lowest MI values and also the higher monthly variance (Fig. 3) .
Most of the nematodes (57%) had a clavate-conicocylindrical tail shape (type 2), the tail shape long/filiforme ranked in second place (35%). There was no clear trend in the percentage of tail shape across stations or months. The body shape of nematodes was mainly slender (97% of total of nematodes) and in less proportion long/thin; there was absence of nematodes of stout bodies.
The combination of the four biological traits produced a total of 28 morphotypes; the number of morphotypes was highly correlated to number of species (r ¼ 0.94; p < 0.05; n ¼ 71). Just three morphotypes contribute to 65% of total abundance: (1) nonselective deposit feeder/c-p 2/tail conico-cylindrical/body slender: corresponded to species Sabatieria breviseta, Sabatieria praedatrix, Sabatieria pulchra, Daptonema oxycerca and Pseudoterschellingia ibarrae; (2) selective deposit feeder/c-p 3/tail filiforme/body slender: corresponded to Terschellingia longicaudata; (3) selective deposit feeder/c-p 3/tail conico-cylindrical/body slender: corresponded to Terschellingia communis and Terschellingia gourbaultae.
Vertical distribution
The samples analyzed for description of vertical distribution included 53 species of nematodes (70% of total number of species recorded for the three sampling periods). Randomized block analyses of variance was applied to the four univariate measurements of assemblages. There were significant differences in log-transformed density of nematodes among vertical strata and among blocks (Table 1) ; the non-transformed data of density showed significant differences only among strata. The general trend was a higher density in surface layers of sediment (0-1 and 1-2 cm), and less than 100 nematodes 10 cm À2 in deeper strata (Fig. 6 ). However, a vertical gradient in density was not so clear in stations 7a and 15. The number of nematode species showed significant differences among vertical strata and among stations (Table 1) . Non-transformed data showed the same trend. There was a clear reduction in number of species in deeper strata, with less than seven species in 4-6 cm stratum (Fig. 7) . Analyses of variance failed to detect of significant differences among strata within sediment for variables: rank-transformed percentage of epigrowth feeder and maturity index (Table 1) . No any clear vertical trends were evident in both of these variables (graphs not showed).
A two-way cross ANOSIM permutation test showed statistical differences in multivariate composition of assemblages among stations (R ¼ 0.70; p < 0.001; 999 perm.), but there are no statistical differences among vertical strata within sediment (R ¼ 0.12; p ¼ 0.16; 999 perm.). Pair-wise comparisons had few possible permutations due to low level of replication; therefore they were not performed. The ordination by MDS of samples was characterized by differences among stations, but there is no particular grouping of samples by vertical strata (plot not presented). With regard to species, the following three species appeared in all strata: Sabatieria breviseta, Spirinia parasitifera, and Terschellingia longicaudata. We did not detect species restricted to deep strata; instead, most of them occurred only in the surface strata. There was no clear spatial pattern of biological traits (i.e. feeding types, tail shape, and body shape) in the vertical distribution within sediments.
Relationships nematodes-abiotic environment
Univariate correlations were performed between four measurements of nematode assemblage (i.e. density, number of species, % epigrowth feeders, and maturity index) and the set of twelve abiotic factors. The only measurement that showed a significant correlation with any environmental factor was the density of nematodes; it was correlated with depth (r ¼ À0.49; p < 0.05; n ¼ 18) and with silt/clay percentage (r ¼ À0.58; p < 0.05; n ¼ 18).
BIOENV procedure was applied on similarity matrices derived from density data for nematode species, individual biological traits (e.g. feeding type, life strategy, tail shape, body shape), and a combination of the four traits (Table 2 ). In general, heavy metals (Co, Cu) and depth show the best matching with multivariate biological pattern. Interestingly, matrix of similarity based on life strategy suggests an additional putatively important variable: organic content, while matrix based on combined biological traits matrix suggests the silt/clay content as other variable with explanatory power.
Discussion
The integration of our results provided a quantitative description of the biodiversity patterns of free-living marine nematodes in Cienfuegos Bay in temporal (month) and spatial (horizontal and vertical) scales, and also a relatively good characterization of the abiotic environment including natural and pollution related variables. In order to address the most relevant topics arising from our results we divided this section following the three main research questions presented in Introduction.
Does the biological trait approach provide new interpretable information in comparison to a ''classical'' taxonomic approach?
In present study, the biological trait approach shows a possible influence of two key abiotic factors on nematode assemblages: organic content and silt/clay fraction in sediment. This information could not be clearly deducted from the analysis of the species matrix and it is relevant in the context of factors affecting the structure of assemblages (for discussion see next topic). Despite the different spatial scales used in present study (few kilometres) and in the study by Schratzberger et al. (2007) two features are common for both studies: (1) biological trait approach is not more powerful than taxonomic approach in detecting spatial patterns; but (2) biological trait approach offers more reliable correlative links with environmental factors than taxonomic one.
The significant correlation between number of morphotypes and number of species supports the hypothesis that the increase of species richness can lead to potential increases of functional diversity (Schratzberger et al., 2007) . However, the high spatial turnover of rare species occurring in Cienfuegos Bay probably does not mean a change in the functioning of the ecosystem since most of the species are detritivores with a relatively low degree of specialisation and carrying out similar ecosystem processes (Hooper et al., 2005) . The strong dominance of only two morphotypes (deposit feeder/c-p 2 or 3/tail conical cylindrical or filiforme/ body slender) across months and stations is consistent with the relatively high homogeneity of the studied muddy bottoms and with the small spatial scale of this study; it means that we are dealing with a habitat species pool instead of a regional pool (Emerson and Gillespie, 2008) .
Our findings strongly encourage the analysis of biological traits, in addition to analysis by species, when diversity patterns and (2) problems of misidentification of some species complex with high morphological similarity (e.g. Terschellingia and Sabatieria) are less critical in the context of biological traits. Additionally, the classification of nematode species into functional traits can reveal more straightforward links between diversity and ecosystem functioning; or not. For macrofauna, some studies (e.g. Bolam et al., 2002) emphasizes importance of functional traits over species richness in the effects on ecosystem functioning, while other studies (e.g. Ieno et al., 2006; Norling et al., 2007) suggest that identity of species (i.e. idiosyncratic response) plays a key role in determining these effects. To our knowledge no data exist for marine nematodes regarding the relationship diversity (taxonomic, biological trait, etc.) -ecosystem functioning, being a promising research avenue.
4.2. Which natural and/or anthropogenic processes determine the biodiversity patterns of free-living nematodes within the Bay?
The integration of information about environmental quality of Cienfuegos Bay strongly suggests that the ecosystem is subjected to organic (e.g. petroleum) and inorganic pollution (e.g. heavy metals). Spatial changes in the multivariate structure of assemblages and abiotic data reinforce the existence of two well characterized basins within Cienfuegos Bay, a northern basin, more polluted than the southern basin. Historical records of contamination within sediments using nuclear techniques suggest that relatively high levels of Co, Cr, and Cu in southern basin are of natural origin (C. Alonso, Centro de Estudios Ambientales de Cienfuegos, Cuba, pers. com.). However contamination by other heavy metals persists and a comparison with reference values (Long et al., 1995) indicates concentration higher than threshold values causing biological effects in all stations.
Although heavy metals in sediments have harmful effects on nematode assemblages (Lampadariou et al., 1997; Gyedu-Ababio and Baird, 2006; Hedfi et al., 2007) toxicity to nematode populations inhabitant Cienfuegos Bay can be reduced by the high organic content in sediments (Rzeznik-Orignac et al., 2003; GyeduAbabio and Baird, 2006) and relatively high salinity (Dauvin, 2008) . In addition, nematode species from Cienfuegos Bay probably have developed tolerance to chronically metal-enriched habitats, a process discussed by Millward and Grant (1995) for an estuary.
We suggest that a combination of organic enrichment-hypoxiahydrodynamic regime drive (in interaction with pollution) the biodiversity patterns of nematode assemblages. Low hydrodynamic regime could explain the existence of a thick flocculent layer (M. Armenteros, pers. observation), high content of silt þ clay in sediments, and high sedimentation rate in the bed of the deepest stations (Alonso-Hernandez et al., 2006) . These features are mostly associated with a stable near-bed stratification of bottom water (Friedrichs et al., 2000) which can reduce the passive dispersal of small-size organisms (Silvester and Sleigh, 1985) resulting in the highly patchy distribution of nematode assemblages observed in the bay. The low hydrodynamic regime probably enhances the negative effects of organic enrichment and hypoxia on the benthos (Snelgrove and Butman, 1994; Gray et al., 2002) , and this synergistic relationship can be particularly important in semi-enclosed bays (Krö ger et al., 2006) . Dominant species in Cienfuegos Bay (belonging to genera Terschellingia, Sabatieria and Daptonema) are typical of poorly oxygenated and organically enriched bottoms around the world, and they appear tolerant to a variety of xenobiotic compounds (Soetaert et al., 1994; Schratzberger et al., 2006; Steyaert et al., 2007) . Also, the dominance of the species T. longicaudata supports the idea of a relatively undisturbed physically environment (but chemical pollution still existing) because it is sensitive to physical disturbance as was demonstrated in experimental conditions (Schratzberger and Warwick, 1999) .
The hydrodynamic regime also can influence the vertical distribution of nematodes in muddy bottoms (Soetaert et al., 1994; Steyaert et al., 2003) ; however, centimetre-scale distribution patterns of nematodes in Cienfuegos Bay (i.e. vertical distribution) would be determined in larger extension by biotic interactions (Zajac et al., 1998) . For instance, in polluted and very fine sediments, pollution-tolerant deposit feeding species belonging to genera Sabatieria and Terschellingia are dominant. The dominance of one or another species may be the result of interspecific competition for food or space: In Cienfuegos Bay the larger body size of Terschellingia longicaudata compared to Sabatieria pulchra might offer an additional advantage (i.e. more pushing force) for inhabiting silty sediments where movements within sediments depend of burrowing abilities. Data from another heavily polluted tropical semi-closed bay (Havana Bay, unpublished data) showed a dominance of S. pulchra species over T. longicaudata linked may be due to coarser sediment in comparison with Cienfuegos Bay. Further research on interactions between these two sympatric and tolerant species should be addressed. To our knowledge, the present study is the only one published describing biodiversity patterns of nematode assemblages in a tropical semi-closed bay. Our results show similar outputs with comparable habitats in temperate regions (Table 3) ; unfortunately, there are no data on unpolluted harbours/bays serving as reference. The comparison, suggests three general ideas that are discussed below: (1) anthropogenic disturbance has a strong influence on the patterns of meiofaunal distribution within these systems; (2) temporal trends are lacking or are overrided by spatial differences; and (3) there is a notable dominance of a few cosmopolitan genera/ species of nematodes tolerant to hypoxic and polluted conditions. The pollution derived from harbourage activities, industrial development, and human settlements is one of the main factors determining distribution patterns in semi-enclosed bays included in Table 3 ; in addition, the negative effects are reinforced by reduced exchange of water with adjacent open water. Effects of pollution on benthos are closely dependent on location of sources of pollutants (e.g. cities, factories) and temporal changes in human activities causing pollution are usually of less importance. This can explain the stronger changes in response of meiofauna (and nematodes) to human disturbance in the spatial scale (e.g. among stations) than in the temporal one (e.g. months).
Data sets obtained from small scale studies (dealing with estimates of alpha-diversity) are not suitable for latitudinal comparisons of biodiversity patterns (dealing with gamma-diversity) (Gray and Elliott, 2009 ). However, we noted the high similarity of nematode assemblage composition between tropical and temperate bays regarding identity and number of genus/species (Table 3) ; this supports the cosmopolitan nature in the structure assemblage of free-living marine nematodes. Recent research (e.g. Bhadury et al., 2008; Derycke et al., 2008 ) using molecular DNAbased techniques indicate the existence of cryptic species complexes for some species-rich and cosmopolitan genera of nematodes; as result, may be cosmopolitism as revealed by the molecular taxonomy is not so widely extended in marine nematode's realm.
Conclusions
(1) The biological trait approach added relevant information to taxonomic approach regarding relationships between diversity patterns of nematodes and the abiotic environment. Functional diversity of assemblages did not change appreciably in space and time, despite high turnover of species. This is probably due to relatively low heterogeneity of the studied soft bottoms but also because a local (habitat) pool of species was analyzed instead of regional one. (2) Chemical pollution and hydrodynamic regime possibly drove the biodiversity pattern of nematode assemblages in Cienfuegos Bay. The low hydrodynamic regime could determine a poor dispersion of nematodes resulting in high spatial variance in assemblage structure and also the associated hypoxic conditions and pollutants in sediments could explain the dominance of tolerant nematode species. (3) The spatial-temporal patterns of biodiversity of nematode assemblages in the studied semi-enclosed bays, both tropical and temperate, are characterized by similar features: strong influence of anthropogenic disturbance, temporal trends being weak or overridden by spatial ones, and dominance of a few genera/species tolerant to pollution and hypoxic conditions. 
